The present study had its origin in certain experiments carried on in our laboratory to determine the possible influence of metals on bacterial growth. It was observed that members of the Escherichia-Aerobacter group when cultivated in an unbuffered glucose broth containing iron filings produced sufficient acid to dissolve some of the iron. The dissolved iron was detected by means of the potassium ferrocyanide test.
of all cultures. There were 30 strains isolated from human feces and classified as Escherichia coli, 30 from water classified as Aerobacter aerogenes, and 176 miscellaneous strains from water and from fisheries products, some of which were classified as Escherichia coli, some as Aerobacter aerogenes, and some as intermediates of the group.
Organisms were classified on the following basis: Analysis (7th edition, 1933) .
For the experiments following, the formula in the Standard Methods for the Clark and Lubs medium for the methyl-red and Voges-Proskauer tests was used, except that the buffer concentration was varied to fit the conditions of the experiments. These variations will be indicated in the text and tables.
Clark and Lubs did not adjust the initial reaction of their medium, but in our experiments we found that in order to avoid uncontrollable variations in results it was necessary to adjust the initial reaction of the medium to pH 7. The medium was tubed in 10-ml. portions, and 200 mgm. of degreased iron filings were added to each tube. The tubes were sterilized at 10 pounds pressure for 20 minutes. For inoculation, 24-hour cultures of the organisms in nutrient broth were used.
After the tubes had been inoculated and incubated for the desired length of time at 370C., a few drops of a 2 per cent solution of potassium ferricyanide, KFe(CN)6, were added to each tube. Dissolved iron was indicated by a blue color. Tests were allowed to stand for 30 minutes before they were read. Both potassium ferrocyanide and potassium ferricyanide solutions were tried as indicators of dissolved iron, and it was found that the ferricyanide solution gave better results than did the ferrocyanide. This would indicate that the dissolved iron was in the ferrous state.
BUFFER CONCENTRATION
In order to determine the amount of buffer necessary to differentiate Escherichia coli from Aerobacter aerogenes, the following experiment was set up:
Four series of tubes of the medium were prepared containing 0.2, 0.3, 0.4, and 0.5 per cent respectively of buffer (K2HPO4). Ten strains of Escherichia coli and ten of Aerobacter aerogenes were inoculated separately into tubes containing each of the buffer concentrations. Tests for dissolved iron were made for each strain at 24, 48, and 72 hours.
This experiment indicated that 0.3 per cent buffer in the medium gave the best differentiation of Escherichia coli from Aerobacter aerogenes. Differentiation was also effected with 0.4 per cent buffer, but a less dense color and a lighter precipitate were obtained in the Escherichia coli cultures. Figure 1 shows some examples of the tests with different buffer concentrations, after 48-hour incubation. Best readings were obtained when the tests were allowed to stand for a half hour or longer after the addition of the ferricyanide solution, to permit the precipitate to settle out.
At 24-hour incubation some of the cultures of Aerobacter aerogenes gave a green color upon the addition of potassium ferricyanide, while at 48 hours the readings were more clean cut. However, it was possible to differentiate the organisms at the end of 24 hours, because the slight green observed in some of the Aerobacter aerogenes cultures did not confuse the readings.
THE pH AT WHICH IRON GOES INTO SOLUTION
In order to determine the pH at which the iron goes into solution, a number of tubes of the sterile iron-containing medium were taken, and 2.5 per cent sterile acetic acid was added to them in quantities sufficient to give pH values of from 4.5 to 6.0, at intervals of 0.1 pH. When the end-point had been approximately determined the pH range on either side of it was invest:-gated at closer intervals electrometrically.
The sterile medium was incubated for 48 hours and tests were made for dissolved iron. Above pH 5.14 no iron was dissolved; at pH 5.05 the tests were +-; at pH 4.97 to 4.99 the tests ranged from + + to +. It appeared that the end-point of the positive test was rather sharp, and could be placed at about pH 4.98. Acetic acid was employed in this experiment because it is a predominating acid resulting from the fermentation of glucose by the organisms under consideration.
A question arose as to why the methyl-red test medium requires 0.5 per cent of buffer for differentiation between Escherichia coli and Aerobacter aerogenes, while the procedure here employed required only 0.3 per cent of buffer. To answer this the following experiment was set up: A number of strains of Escherichia colti were inoculated separately into a series of tubes of the medium containing metallic iron, and with buffer concentrations ranging from 0.2 to 0.6 per cent inclusive. A second set of inoculations were made of the same organisms into the medium with the same buffer concentrations, but without the iron. After 48 hours of incubation at 370C., pH determinations were made on both the medium with and without iron.
It was observed that the pH was higher in the medium containing iron than in the same medium without iron, in the buffer concentrations of from 0.3 to 0.6 per cent. With the 0.3 per cent buffer concentration the pH values in the iron-containing medium were at, or slightly over, the critical pH for the iron test, and were near the pH of the medium without iron and with 0.5 per cent buffer. The results indicated that a portion of the acid produced in the iron-containing medium was neutralized or inactivated, probably by being combined with the iron.
APPLICATION OF THE REACTION
One entire series of 236 cultures of the Escherichia-Aerobacter group were taken for a study of the application of the test. These included 30 stock cultures each of Escherichia coli and Aerobacter aerogenes which had been carried in the laboratory and frequently retested for their purity, for over two years. A comprehensive study of the organisms was made in which the Voges-Proskauer, methyl-red, sodium citrate, and uric acid tests were repeated, and the reaction of the organisms to the dissolvediron test was determined. The results are summarized in table 1.
The results indicated that by the use of the dissolved-iron reaction, Escherichia coli, except for one strain, was sharply differentiated from other members of the group. The same was true of the 5 Citrobacter strains (these were so classified according to the article by Werkman and Gillen, 1932) . In general, the methyl-red positive tests agreed well with the positive tests for dissolved iron, except with the organisms of group XII of table 1. These represented 9 of the 11 methyl-red positive strains which gave negative tests for dissolved iron, and they were aerogeneslike in their other reactions.
A comparison of the dissolved-iron reaction with the weakly positive methyl-red test showed that 72 per cent of the organisms which were weakly methyl-red positive were negative to the dissolved-iron test. This could be explained by the fact that the critical pH for the dissolved-iron test was lower than that for the methyl-red test. Of 103 strains which were methyl-red negative, 12 gave positive tests for dissolved-iron. The reason for this discrepancy is not apparent. Based on the results with the strains which were weakly methyl-red positive, all methyl-red negative strains should have given negative dissolved-iron reactions. It is worthy of note that only 4 out of 78 strains which were definitely classified on July 11, 2017 by guest http://jb.asm.org/ Downloaded from as Aerobacter aerogenes gave positive dissolved-iron reactions, and none of the four were from the stock cultures.
The production of acidity from carbohydrate metabolism is a characteristic more common to bacteria of the EscherichiaAerobacter group than are most of their physiological activities. Michaelis and Marcora (1912) showed that a certain culture of "Bacillus coli" ceased activity in lactose bouillon at a hydrogenion concentration of 1 X 10-" N. They considered this point to be a physiological constant of the organism. Clark (1915) made the following statement: "The final hydrogen-ion concentrations differ by such small amounts that the work here reported may be considered as a confirmation of the claim of Michaelis and Marcora that the final hydrogen-ion concentrations are a physiological constant for Bacillus coli."
The sensitivity of the potassium ferricyanide test for the detection of dissolved iron in the cultures has not been determined. When ferrous sulfate was used as a test solution it was found that a 1:10,000 dilution gave a definitely positive test with the ferricyanide. The dissolved iron is probably mostly combined with organic acids as ferrous salts, which are relatively unstable. This fact probably accounted for difficulties encountered in the attempts to determine the sensitivity of the test. It appeared, however, that the test was sufficiently sensitive to differentiate Escherichia coli from other members of the group dependably when the conditions of the experiment were standardized. Further study will be made to determine more accurately the sensitivity of the test with organic ferrous salts.
The investigation reported in the present paper represents a preliminary study of a method which may, we hope, be developed as a useful means of differentiating Escherichia-Aerogenes bacteria, and especially intermediates of the group, on the basis of their acid production from carbohydrates. We are interested in the procedure for the study of the biological behavior of pure cultures of the organisms, rather than as a tool to be employed in water analysis, because it is by such biological study that the source and sanitary significance of various members of the group can be better understood.
